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Background: High-resolution, high frequency, three-dimensional (3D) breast
ultrasound can be used as the first-line, noninvasive imaging tool for the evaluation
of patients with breast discharge.
Patients and Methods: From June 2000 to April 2001, the medical records of
27 consecutive patients with pathologic nipple discharge were evaluated using 3D
breast ultrasound equipped with automatic volume scan. Four patients did not
undergo surgery because only mild duct dilation, without any visible tumor or vessel
structures (around the dilated duct), was found on sonography. Of the remaining
23 patients who subsequently had surgery, four had watery discharge, seven had
bloody discharge, five had serous discharge and seven had serosanguineous discharge.
Results: The final diagnoses were based on determinate histopathology from
surgical specimens: intraductal papillary carcinoma (one), intraductal papillomatosis
(five), and intraductal papilloma (17). In one of the four patients who did not have
surgery, the bloody discharge disappeared 2 months later without recurrence during
subsequent follow-up.
Conclusions: The availability of high-frequency linear transducers now enables
us to visualize the mammary duct in detail. The 3D volume images can be reviewed
immediately in the bedside ultrasound machine or retrospectively in the computer,
so that the relationships between nipple, duct and tumor can be clearly identified.
This advantage is one that conventional 2D ultrasound cannot provide.
(J Med Ultrasound 2002;10:69–75)
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INTRODUCTION
Breast cancer is one of the most dreaded diseases
affecting women, and is associated with high
morbidity and mortality. Any discharging breast has
the potential for creating a great deal of anxiety for
the patient. In a report by Obedian and Haffty,
regarding breast cancer and nipple discharge, 17 of
1,079 patients presented with nipple discharge [1].
There are multiple etiologies for nipple discharge,
including drug induced, endocrine/metabolic
disorders, neurologic mechanism, idiopathic and
breast origin. Clinically, nipple discharge can be
classified into three categories, physiologic,
pathologic and galactorrhea. This classification can
be used as a guide to evaluate breast condition. The
pathologic etiology is of the most concern to
clinicians, for it includes benign disease such as
intraductal papilloma, fibrocystic changes, duct
ectasia, infection and cancer. Pathologic discharge
is usually unilateral, spontaneous, persistent and lo-
calized to a single duct. The fluid may be bloody
(sanguineous), serosanguineous, to watery. No sin-
gle diagnostic test has sufficient sensitivity and
specificity to be the standard for evaluation of nipple
discharge.
Cytology from nipple discharge is a noninvasive
test that can be used to evaluate emitted fluid for
cancerous cells [2], but this procedure is inconclu-
sive or misleading. In 1988, Danforth et al reported
a false positive rate of 2% to 4% and a false negative
rate of 35% [3]. In 1997, a study of 26 cases of
nonpalpable breast cancer with nipple discharge by
Ito et al reported that cytology was positive only
in one out of 26 cases [4]. They concluded that
carcinoembryonic antigen (CEA) level in the dis-
charge was helpful in the diagnosis, but the result
of this test should not preclude further evaluation.
In a report of a large series of patients using
fiberoptic ductoscopy for patients with nipple
discharge, duct washings were used to obtain rep-
resentative exfoliated ductal cells for diagnosis [5].
Ductography plays a major role in identifying and
localizing intraductal tumors, but its sensitivity for
detection of cancer is suboptimal. In 1998, Dawes
et al reported that ductography for nipple discharge
is not a substitute for surgery in patients with
pathologic discharge because one in five preoperative
ductograms were normal but showed intraductal
papillomas at the time of surgery and 30% had
multiple lesions [6]. Furthermore, some lesions on
ductography did not correlate with the surgical
specimen. On the contrary, Rongione et al reported
that ductography is an effective and safe means of
evaluating breast discharge and routine ductography
is necessary [7]. In a study comparing ductography
and sonography, Chung et al found that ultrasonog-
raphy was superior to ductography in detecting masses
smaller than 0.5 cm as well as multiple duct lesions
[8]. On the other hand, ductography was superior
in visualizing the duct system and detecting
calcifications. The availability of high-frequency,
linear transducers now enables us to visualize the
mammary duct in detail. In the report by Hild et
al, sonography revealed pathologic results in nine
patients (of 35), whereas ductography was com-
pletely normal, and in only two cases did sonography
fail to show ductal abnormalities that were detected
by ductography [9].
High-resolution and high-frequency ultrasound
(US) now allow detection and guided biopsy of
intraductal lesions. Conventional two-dimensional
(2-D) images are not sufficient to discover the entire
US information of a solid breast lesion. Stored three-
dimensional (3-D) US offers the comprehensive in-
formation of all 2D lesion aspects and provides,
simultaneously in addition, the coronal plane.
MATERIALS AND METHODS
From June 2000 to April 2001, we retrospectively
analyzed the records of 27 women who had
sonography for pathologic nipple discharge of the
breast using a high-resolution, broadband, electronic
linear-array transducer with a frequency of 5 to 10
MHz and a scan width of 40 mm (Voluson Small
Part Transducer S-VNW5-10, Kretz Technik,
Austria). The transducer allowed the performance of
a volume scan, which could be done automatically
upon key press. The volume scan was automatically
performed by a slow tilt movement of a sectorial
mechanical transducer. The process of acquiring the
2-D US images at regular angular intervals resulted
in a set of 2-D image planes arranged in a fanlike
geometry. The volume data were obtained through
the reconstruction of these 2D images and saved as
a computer file on a magneto-optical (MO) disk. The
MO file was then analyzed using a personal computer.
Patients with single-duct nipple discharge either
watery, serous, sero–sanguineous or sanguineous were
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included in this study. The patients ranged in age
from 29 to 58 years, with an average of 35 years.
There were nonpalpable tumors in all cases. Eleven
of 27 patients underwent mammography before 3D
breast US. Among these 11 patients, mammography
revealed no help in the evaluation of nipple discharge.
Ductography was not attempted in any of the 27
patients.
Four patients did not undergo surgery; of these,
two had serous discharges, one had serosanguineous
discharge and the remaining patient had bloody
discharge. Of the 23 patients who had surgery, four
had watery discharge, seven had bloody discharge,
five had serous and seven had serosanguineous
discharges. During surgery, a monofilament,
polypropylene guiding suture was inserted into a
secreting duct in all 23 patients with nipple dis-
charge using the technique described by Hou et al
[10]. Cannulation and injection of methylene blue
was successful in all patients. Surgery was usually
simplified after the appropriate ductal injection of
methylene blue. A circum areolar incision as di-
rected by the sonographic findings and along the
dye stained duct-lobular system was done in all
cases. The duct, which was usually dilated, was
opened along its long axis and was examined grossly
for any visible lesions.
RESULTS
The final diagnosis was determined histopathologi-
cally from the surgical specimens. The diagnoses
included intraductal papillary carcinoma (1), intra-
ductal papillomatosis (5) and intraductal papilloma
(17). One patient had intraductal papillary carci-
noma with recurrent spontaneous bloody discharge
from the nipple of the left breast (Fig. 1). The
findings from the physical examination were unre-
markable apart from the discharge and an old in-
cision scar in the lower portion of the areola. The
patient had received microdochectomy for the same
episode 1 year previously and the pathology findings
showed intraductal papillomatosis at that time. This
figure was obtained from three sectional planes,
which were perpendicular to each other. The scan-
ning probe was placed on nipple–areola complex
transversely.
Figures 2 and 3 show the image–pathologic
correlations in two cases of intraductal papilloma.
The relationships among tumor, duct and nipple can
be reviewed slice by slice from the stored volume
images in the computer. Figure 4 shows a series of
Fig. 1. Upper left and right sub images show the transverse
and longitudinal planes. In the lower left image coronal
plane, a spiculate mass in the duct associated with
architecture distortion was found. The lower right sub 3D
image had minimum intensity; multiple small intraductal
papillomas and prominent peripheral vascular structures
were seen. (White arrows indicate the protruding mass in
a dilated central duct).
Fig. 2. Upper left image of the transverse plane showing
a dilated duct with an intraductal tumor; the duct had
merged into the nipple. The upper right image of the
longitudinal plane shows an intraductal tumor. The lower
left image of three sectional planes, which were
perpendicular to each other, shows the relationships among
the nipple, duct and the direction of the intraductal tumor.
The lower right image shows the pathologic specimen,
with a papillary tumor found in the opening duct. (White
arrows indicates the protruding mass in a dilated duct
and the black arrow indicates a dilated duct). N = nipple.
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sequentially stored volume images. Sequential
images are very helpful in the evaluation of the
direction of a pathologic duct and identification of
the relationships between the tumor and nipple, even
for a very fine duct (Figure 5).
High-resolution, high-frequency US can identify
very small tumors in the breast, even below the
nipple, as seen in Figure 6, which shows the spatial
relation between two papillomas. Figure 7 shows a
dilated duct in the nipple; an intraductal tumor was
found along the distal duct. The 3D image with
minimum intensity provides additional intraductal
information so that we can see several small pap-
illomas in the dilated duct with vessel structures
surrounding the duct. Figure 8 shows only duct
dilation without a tumor. Such sonographic charac-
teristics were seen in all four patients who did not
undergo surgery. They had only mild duct dilation
without any visible tumor or vessel structures (around
the dilated duct) on sonography and negative find-
ings on mammography. These four patients were
regularly monitored for 4 to 8 months. In one of
them, the bloody discharge disappeared after 2
months. In the other three, discharge was noted
intermittently during the follow-up period.
Fig. 3. The upper three pictures show the sequential images
of an intraductal papilloma. The lower left image shows
the three sectional planes, which were perpendicular to
each other, and the relationships among the nipple, duct
and the direction of the intraductal tumor. The lower right
image was the pathologic specimen, a papillary tumor
found in the opening duct. (White arrows indicate the
protruding mass in a dilated duct; black arrows indicate
a dilated duct). N = nipple.
Fig. 4. A series of sequential images (upper left to upper
right, lower left to lower right) of an intraductal papilloma;
the relationships among tumor, duct and nipple can be
reviewed slice by slice from the stored volume images of
the computer. (White arrows indicate the protruding mass
in a dilated duct and black arrows indicate a dilated duct).
N = nipple.
Fig. 5. Extension view of a fine duct that connected a nipple and a tumor (left), in which the whole course of the
duct was well demonstrated. The image on the right shows the surgical specimen. (White arrows indicate the protruding
mass in a dilated duct and black arrows indicate a dilated duct). N = nipple.
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DISCUSSION
Ductography is a controversial diagnostic evaluation
because the affected ductal quadrant can usually be
identified by manual examination of the nipple, and
surgery is frequently required whether or not this
procedure is done [1]. Zulfiqar et al considered that,
if ductography was done, surgery might be averted
in patients with normal ducts or duct ectasia, and
that intraductal methylene blue can be used to dem-
onstrate the abnormal ductal system to the surgeon
and allow less radical surgery [11].
In summary, there are many different opinions
from many studies [6–8, 11, 12]. The question is
whether or not ductography is sensitive enough to
detect a ductal abnormality? If yes, then patients
with negative ductograms may be monitored by
observation. If not, then surgical excision is rou-
tinely advised for diagnosis and treatment of breast
discharge. Another question arises: should
ductography be the standard procedure for breast
discharge? Although magnetic resonance imaging
(MRI) is promising as a diagnostic tool for breast
discharge, according to Orel et al [13], availability
and cost make it the second-line examination tool.
In spite of that, MRI has potential because it has
increased sensitivity for cancer detection when
compared to mammography and US [14].
Fiberoptic ductoscopy is a new tool allowing
direct visual access to the ductal system of the breast
through nipple orifice exploration, with a positive
predictive value of 83% for intraductal papillary
lesions [15]. Both the operator and cytopathologist
must master the learning process for success with
this procedure. The spatial concept may be inadequate
Fig. 6. White arrows indicate the small breast tumor in
each plane (longitudinal and transverse). Shown is a case
of serosanguineous nipple discharge, in which a very small
intraductal papilloma was found in the transverse plane
(upper left image); the other tumor was found incidentally
in the transverse plane. The spatial relations between these
two tumors were well demonstrated in the 3D image. N
= nipple.
Fig. 7. The upper left image shows the dilated duct in
the nipple and trace the duct from another plane showing
an intraductal tumor (upper right). The coronal plane
shown in the left lower image provided the same condition
from a different view. The lower right 3D image shows
minimum intensity; multiple small papillomas in the
dilated duct with vessel structures and a protruding mass
in a dilated duct were seen. (Black arrows indicate a
dilated duct the white arrow, intraductal papillomas).
N = nipple.
Fig. 8. Sonographic findings in three cases of nipple
discharge with duct dilation without any visible tumor.
(Black arrows indicate a dilated duct). N = nipple.
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for multiple ductal lesions using ductoscopy only.
Furthermore, the replacement rate of such a fine
silicafiberscope (0.72 mm) is another problem.
However, fiberoptic ductoscopy still offers a safe
alternative to ductography in guiding subsequent
breast surgery for the treatment of nipple discharge,
according to the report by Shen et al [5].
In our small study, there were four cases of
intraductal papilloma in which the discharge could
not be readily obtained by pressing a point in the
periareolar region. The discharge was obtained by
bimanual squeezing of the nipple–areola complex.
We used two methods to identify the directions of
the pathologic duct systems preoperatively: 1) 3D US
as described in this study; and 2) the other method
is repeated pressing of a point around the nipple
after methylene blue is injected.
Because of the limited number of cases in our
study, we cannot offer criteria for the differential
diagnosis of benign and malignant papillary tumors
on 3D sonograms. Papillary carcinoma can mimic
intraductal papillomas in ultrasonic appearance. Color
Doppler imaging is likewise nonspecific. Papilloma
may demonstrate blood flow, while any solid intra-
luminal mass may also do so [14]. Among our cases,
we found that six (including the malignant one) out
of the 27 showed periductal vessel structures in the
power angiography mode, without any intratumoral
vessel structures in any case. Usually, intraductal
papillomas are 2 to 3 mm and appear as broad-based
or pedunculated polypoid lesions; they have smooth
or lobulated borders, which may obstruct and dis-
tend the involved duct. In our study, the malignant
tumor had a spiculated border (see left lower subimage
of Fig. 1). We emphasize that the spiculated margin
was only seen on the coronal view, and not in the
conventional longitudinal view or transverse view
of the same case and not in other benign cases. The
coronal view of a US image cannot be obtained
using conventional 2D breast US, and its importance
is not yet defined.
US is not incorporated routinely into the evalu-
ation of patients who present with nipple discharge.
Postgalactography US added no major information,
as reported by Cilotti et al [15]. Due to the rapid
development of US imaging techniques, high-
frequency, high-resolution 3D US will likely make
this point of view obsolete. The availability of high-
frequency linear transducers now enables us to
visualize the mammary duct in detail. The relative
width of the 3D probe, which covers the whole
nipple, sweeps across the nipple to reconstruct the
volume images, and the subnipple and subareolar
structures are clearly seen. Each slice of the real-
time volume image can be reviewed immediately at
the bedside US machine or on the computer
retrospectively, so that the relationships among nipple,
duct and tumor can be clearly identified. This is an
advantage that conventional 2D US cannot achieve.
Based on the presented examples, we can visualize
the whole course of the duct, the relations and
directions between the tumor and the nipple, and the
spatial relationships between each tumor. We be-
lieve this information is very helpful for a physician
in the preoperative evaluation of a patient with
nipple discharge. On the basis of the preliminary
results of our study, we suggest that high-resolution
breast US, especially 3D breast US, can be used as
the first-line noninvasive imaging tool for the evalu-
ation of breast discharge. Subsequently, for an
abnormal US finding, dye localization may be used
before surgery.
The clinical follow-up of the four patients who
did not have surgery in this study was limited, with
a follow-up duration of 6 to 12 months. The optimal
follow-up duration, either mammographic or clinical,
should be at least 2 years to establish the actual
false-negative rate of the imaging study [16]. An-
other limitation of our study was the lack of cor-
relative imaging, especially galactography. The
uncommon use of galactography and mammography
in this study was mostly likely because, historically,
our hospital did not incorporate galactography rou-
tinely into the evaluation of patients with nipple
discharge. Furthermore, mammography was not a
routine examination for a patient undergoing
microdochectomy. Mammograms of women with a
solitary papilloma are most frequently normal in up
to 60% of cases, according to one report [17], due
to the intraductal location and small size of
papillomas, as well as to lack of associated calci-
fication or fibrosis. In our study, 11 mammograms
had no diagnostic value. One of the possible reasons
for this is that the relative density of breast tissue
in Asian women obscures the detailed changes in
mammography. Nonetheless, mammography should
still be part of the diagnostic evaluation when a
neoplastic condition is suspected. Chung et al found
that ultrasonography was superior to ductography in
detecting masses smaller than 0.5 cm as well as
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multiple duct lesions [8]. There is no single modality,
including mammography, US, MRI, ductography or
ductoscopy, that affords enough sensitivity in the
evaluation of breast discharge; each modality has
its own limitations. Although it may take a long time
for ductal carcinoma in situ or a small papilloma
to have clinical symptoms other than discharge,
sometimes the histology findings from breast dis-
charge are only fibrocystic changes or duct ectasia,
so that surgical intervention may be avoided in some
patients. Furthermore, in clinical practice, we found
a small portion of patients whose nipple discharge
was transient and disappeared spontaneously.
Of the 27 cases analyzed, four patients who had
negative results on 3D breast US did not have
surgical excision. Thus, the possible false-negative
rate of this study is unknown. There were no false-
positive results among the 17 cases of intraductal
papilloma on 3D US imaging, which correlated with
histology findings. Nonetheless, in five papilloma-
tosis cases, it was difficult to realize if there were
more lesions seen histologically than were seen on
US images. To achieve complete merging between
these two modalities may not be possible using
current techniques. According to our initial results,
we suggest that, in selected patients with pathologic
nipple discharge and only mild duct dilation, with-
out any visible tumor or vessel structures around
the dilated duct on sonography (especially on high-
resolution, 3D sonography), and negative findings
on mammography, observation instead of surgery is
acceptable. If any abnormal findings can be dem-
onstrated on imaging studies, routine surgical inter-
vention for pathologic nipple discharge is necessary
because we cannot differentiate papilloma from
carcinoma with confidence by imaging study only.
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